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Isokinetic relationshipAbstract The oxidation of 3,4,5-trimethoxy benzaldehyde (TMBA), benzaldehyde (BA) and
dimethylamino benzaldehyde (DMABA) in N,N-dimethyl formamide (DMF) by tetraethylammo-
nium bromochromate (TEABC) resulted in the formation of the corresponding acids. The reaction
is ﬁrst order with respect to both TEABC and the aldehydes. The reaction is catalyzed by
toluene-p-sulfonic acid (p-TsOH). The hydrogen ion dependence has the form: kobs = a+ b
[H+]. The reaction has been studied in different percentage of DMF–acetic acid mixture. The effect
of dielectric constant of the medium indicates the reaction to be of ion–dipole type. Various
thermodynamic parameters for the oxidation have been reported and discussed along with the
validity of isokinetic relationship. Reason for high rate in the case of oxidation of
N,N-dimethylamino benzaldehyde is also described. A mechanism involving formation of a
chromate ester intermediate in the slow step has been proposed.
ª 2014 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is
an open access article under the CCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).1. Introduction
Chromium(VI) is established as a versatile oxidant for many
types of substrates varying from metal ions to naturally occur-
ring organic compounds, and has a wide range of applications
spanning the synthesis of sulfur nanoparticles (Lan et al.,
2005) and the determination of biological oxygen demand inyde and
emistry
2 B.H. Asghar et al.organic polluted water. Cr(VI) as chromate or dichromate is
highly soluble in water, and is reported to be highly toxic (Losi
et al., 1994; Viamajala et al., 2004), there are continued interest
in the development of new chromium(VI) reagents for the effec-
tive and selective oxidation of organic substrates, under mild
conditions. Therefore, the search for new oxidizing agents are
of interests to synthetic organic chemists. Many such reagents
have been studied in recent years with some success, some of
the important entries in the list of reagents are tripropylammo-
nium ﬂuorochromate (Mansoor and Shaﬁ, 2010a), morpholinium
chlorochromate (Malani et al., 2009), tetramethylammonium ﬂu-
orochromate (Sadeghy and Ghammami, 2005), benzimidazolium
ﬂuorochromate (Mansoor and Shaﬁ, 2014a), tributylammonium
chlorochromate (Mansoor and Shaﬁ, 2010b), tetraethylammo-
nium chlorochromate (Mansoor and Shaﬁ, 2011) and
triethylammonium chlorochromate (Mansoor and Shaﬁ,
2014b).
Recently tetraethylammonium bromochromate has been
reported as a new and stronger oxidizing agent (Ghammamy
et al., 2009). This new compound is more efﬁcient for quanti-
tative oxidation of several organic substrates and has certain
advantages over similar oxidizing agents in terms of the
amount of oxidant and solvent required, short reaction times
and high yields.
The study of solute–solvent interactions in binary mixtures
is more complex than in pure solvents. In a pure solvent the
composition of the microsphere of solvation of a solute, the
so-called cybotactic region, is the same as in the bulk solvent,
but in binary mixtures the composition in this microsphere can
be different. The solute can interact to a different degree with
the components of the mixture, and this difference in the inter-
actions is reﬂected in the composition of the microsphere of
solvation. The effect of varying the composition of the mixture
from the bulk solvent to the solvation sphere is called preferen-
tial solvation (Bhuvaneshwari and Elango, 2005). Speciﬁc and
selective oxidation of organic compounds under non aqueous
conditions is an important reaction in synthetic organic
chemistry.
Kinetics of oxidation of substituted benzaldehydes by var-
ious oxidizing agents have been well studied (Mansoor, 2010;
Hiran et al., 2011; Mansoor and Shaﬁ, 2009; Krishnasamy
et al., 2007; Fathimajeyanthi et al., 2002; Asghar et al., 2013;
Medien, 2003). However, the kinetics of oxidation of benzalde-
hydes by TEABC, a Cr(VI) reagent has not yet been studied.
The objective of the present work includes a systematic study
of the solvent effects on the oxidation of 3,4,5-trimethoxy ben-
zaldehyde (TMBA), benzaldehyde (BA) and dimethylamino
benzaldehyde (DMABA) by TEABC in different percentage
of DMF–acetic acid solvent mixture, and the analysis of the
data with an aim to get better insight into the mechanism of
oxidation.
2. Experimental
2.1. Materials
Tetraethylammonium bromide and chromium trioxide were
obtained from Fluka (Buchs, Switzerland). 3,4,5-Trimethoxy
benzaldehyde (TMBA), benzaldehyde (BA) and dimethy-
lamino benzaldehyde (DMABA) were used as substrates.Please cite this article in press as: Asghar, B.H. et al., Studies on kinetics and therm
N,N-dimethylamino benzaldehyde by tetraethylammonium bromochromate in d
(2015), http://dx.doi.org/10.1016/j.arabjc.2014.10.047Acetic acid was puriﬁed by standard method and the fraction
distilling at 118 C was collected.
2.2. Preparation of tetraethylammonium bromochromate
(C2H5)4N[CrO3Br]
Tetraethylammonium bromochromate (TEABC) was pre-
pared by a reported method (Ghammamy et al., 2009) as fol-
lows: To a solution of 1 g (10 mmol) CrO3 in 25 ml
acetonitrile, placed in a 100 ml beaker, tetraethylammonium
bromide (2.10 g, 10 mmol) is added portion-wise with stirring.
A reddish orange solid is separated and stored in the refriger-
ator. The solid was washed with hexane and dried under
vacuum for 1 h. Yield (95%); mp 130 C. MS (ESI): m/z 310
(M+H)+. Anal. Calcd. for C8H20BrCrNO3 (%): C, 30.98;
H, 6.50; N, 4.52. Found: C, 30.88; H, 6.44; N, 4.48.
N C2H5
C2H5
C2H5
C2H5
Br
Cr
O
O
O
N(C2H5)4Br
CrO3
Tetraethylammonium Tetraethylammonium
bromide bromochromate
ð1Þ
The bright orange crystalline reagent can be stored in poly-
ethylene containers for long periods without decomposition.
The chromium (VI) content may be easily determined
iodometrically.
2.3. Kinetic measurements
The pseudo-ﬁrst-order conditions were attained by maintain-
ing a large excess (·15 or more) of aldehydes over TEABC.
The solvent was DMF, unless speciﬁed otherwise. The reac-
tions were followed at constant temperatures (±0.01 K), by
monitoring the decrease in [TEABC] spectrophotometrically
at 366 nm using UV–VIS spectrophotometer, Shimadzu
UV-1800 model. The pseudo-ﬁrst-order rate constant kobs,
was evaluated from the linear (r= 0.990–0.999) plots of log
[TEABC] against time for up to 80% reaction. The second
order rate constant k2, was obtained from the relation
k2 = kobs/[Aldehyde].
2.4. Data analysis
Correlation analysis were carried out using Microcal origin
(version 6) computer software. The goodness of the ﬁt was dis-
cussed using the correlation coefﬁcient (r in the case of simple
linear regression and R in the case of multiple linear regres-
sion) and standard deviation (SD).
2.5. Stoichiometric studies
The stoichiometric studies for the oxidation of aldehydes by
TEABC were carried out with oxidant in excess. The aldehydes
and TEABC were mixed in the ratio 1:3, 1:5, 1:6 and were
allowed to react for 24 h at 303 K in DMF. The concentration
of unreacted TEABC was determined. D[TEABC] wasodynamics of oxidation of 3,4,5-trimethoxy benzaldehyde, benzaldehyde and
imethyl formamide and acetic acid mixture. Arabian Journal of Chemistry
Table 1 Effect of variation of [aldehyde], [TEABC] and [H+] on the rate of the reaction in DMF medium at 303 K.
103[TEABC] (mol dm3) 102[Aldehyde] (mol dm3) [H+] (mol dm3) 104 k1 (s
1)
TMBA BA DMABA
0.8 3.0 0.3 9.02 15.54 36.30
1.6 3.0 0.3 9.15 15.72 36.45
2.4 3.0 0.3 9.28 15.66 36.52
3.2 3.0 0.3 9.08 15.59 36.40
4.0 3.0 0.3 9.14 15.80 36.36
1.6 0.75 0.3 2.08 3.56 9.32
1.6 1.50 0.3 4.90 7.96 18.22
1.6 2.25 0.3 7.02 11.58 27.02
1.6 3.75 0.3 11.20 19.66 45.72
1.6 4.50 0.3 13.38 23.72 54.54
1.6 3.0 0.1 5.60 9.60 21.80
1.6 3.0 0.2 7.08 11.90 29.00
1.6 3.0 0.4 12.32 19.80 49.30
1.6 3.0 0.6 16.00 26.30 63.20
1.6 3.0 0.8 21.04 34.20 82.40
1.6 3.0 0.3 9.12 15.60 36.36a
a Contained 0.001 mol dm1 acrylonitrile.
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Figure 1 Showing order plot of TMBA, BA and DMABA for
the oxidation of Aldehydes by TEABC.
3,4,5-trimethoxy benzaldehyde, benzaldehyde and N,N-dimethylamino benzaldehyde oxidation 3calculated. The stoichiometry was calculated from the ratio
between [Aldehyde] and [TEABC]. The reaction exhibited a
1:1 stoichiometry, i.e., one mole of the aldehydes are reacted
with one mole of TEABC. The oxidation state of chromium
in completely reduced reaction mixtures, determined by an
iodometric method is 3.93 ± 0.12.
Stoichiometric analysis showed that the following overall
reaction.
Ar-CHOþO2CrBrONþðC2H5Þ4!Ar-COOH
þOCrBrONþðC2H5Þ4 ð2Þ2.6. Product analysis
The oxidation of 3,4,5-trimethoxybenzaldehyde leads to the
formation of 3,4,5-trimethoxy benzoic acid. The qualitative
and quantitative product analyses were carried out under
kinetic conditions, i.e., with an excess of the reductant. In a typ-
ical experiment, TMBA (0.3 mol) and TEABC (0.016 mol)Please cite this article in press as: Asghar, B.H. et al., Studies on kinetics and therm
N,N-dimethylamino benzaldehyde by tetraethylammonium bromochromate in d
(2015), http://dx.doi.org/10.1016/j.arabjc.2014.10.047were made up to 50 mL with DMF and the mixture was kept
in the dark for 24 h to ensure completion of the reaction in
the presence of 0.3 mol dm3 TsOH. After the completion of
the reaction under kinetic conditions, the reaction mixture
was treated with solid NaHCO3 and then ﬁltered. After com-
plete neutralization, the reaction mixture was extracted with
ether to remove unreacted TMBA. Non-aqueous layer was
treated with conc. HCl drop by drop till bicarbonate was neu-
tralized. Again ether was added with shaking. The product in
ether was washed with cold water, dried and identiﬁed as
3,4,5-trimethoxybenzoic acid by melting point analysis
(169 C and this agreed with the literature value 168–171 C),
TLC (4:1 benzene–absolute alcohol) which revealed only one
spot. Similar experiments were performed with benzaldehyde
and N,N-dimethylamino benzaldehyde also.
3. Results and discussion
3.1. Order of reaction
The kinetics of oxidation of TMBA, BA and DMABA by
TEABC was studied in DMF at 303 K in the presence of
toluene-p-sulfonic acid. The reactions were of ﬁrst order with
respect to TEABC. Furthermore, the values of kobs were inde-
pendent of the initial concentration of TEABC (Table 1).
Reaction rates increase linearly with increase in the concentra-
tions of the aldehydes (Table 1). The plot of logk1 versus log
[Aldehyde] gave the slope of 1.026 (r= 0.999), 1.054
(r= 0.999) and 0.998 (r= 0.999), respectively, for TMBA,
BA and DMABA, respectively, (Fig. 1) indicating ﬁrst order
with respect to substrate. Under pseudo-ﬁrst-order conditions,
the plot of 1/k1 versus 1/[Aldehyde] were linear with a negligi-
ble intercept indicating that the intermediate formed in a slow
step got consumed in a subsequent fast step.
3.2. Effect of acidity
The reaction is catalyzed by hydrogen ions (Table 1). The
hydrogen ion dependence has the following form kobs = a+ bodynamics of oxidation of 3,4,5-trimethoxy benzaldehyde, benzaldehyde and
imethyl formamide and acetic acid mixture. Arabian Journal of Chemistry
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4 B.H. Asghar et al.[H+]. The values of a and b, for aldehydes are determined. The
values at 303 K is obtained for TMBA (a= 2.92 ± 0.38 ·
104 s1; b= 22.36 ± 0.81 · 104 mol1 dm3 s1), BA (a=
5.34 ± 0.45 · 104 s1; b= 35.62 ± 0.95 · 104 mol1 dm3 s1)
and DMABA (a= 12.18 ± 0.66 · 104 s1; b= 87.11 ± 1.32 ·
104 mol1 dm3 s1). TEABC may become protonated in the
presence of acid. The protonated TEABC may function as an
effective oxidant.
O2CrBrO
NþðC2H5Þ4 þHþ ðOHÞOCrBrONþðC2H5Þ4 ð3Þ
The formation of a protonated Cr (VI) species has earlier been
postulated in the reactions of structurally similar PCC
(Sharma et al., 1997) and PFC (Sharma et al., 1996).Table 2 Effect of [MnSO4] on the oxidation of aldehydes by
TEABC in DMF at 303 K.
103[MnSO4] (mol dm
3) 104 k1 (s
1)
TMBA BA DMABA
0.0 9.15 15.72 36.45
1.0 8.66 15.12 35.34
2.0 8.34 14.66 34.66
3.0 7.96 14.08 33.78
4.0 7.42 13.66 32.56
5.0 7.06 13.02 31.72
102[Aldehyde] = 3.0 mol dm3; 103[TEABC] = 1.6 mol dm3; 10
[H+] = 3.0 mol dm3.
Table 3 Effect of ionic strength on the oxidation of aldehydes
by TEABC in DMF at 303 K.
103[NaClO4] (mol dm
3) 104 k1 (s
1)
TMBA BA DMABA
0.0 9.15 15.72 36.45
1.0 9.09 15.66 36.46
2.0 9.11 15.60 36.33
3.0 9.23 15.70 36.30
4.0 9.18 15.78 36.42
5.0 9.10 15.82 36.51
8.0 9.25 15.76 36.40
10.0 9.18 15.72 36.54
102[Aldehyde] = 3.0 mol dm3; 103[TEABC] = 1.6 mol dm3; 10
[H+] = 3.0 mol dm3.
Table 4 Effect of varying solvent polarity on the rate of the oxida
% Acetic acid–DMF (v/v) Dielectric constant 1
0:100 38.30 0
10:90 34.11 0
20:80 30.19 0
30:70 26.52 0
40:60 23.08 0
50:50 19.85 0
60:40 16.80 0
70:30 13.92 0
102[Aldehyde] = 3.0 mol dm3; 103[TEABC] = 1.6 mol dm3; 10 [H+] =
0.02 0.03 0.04 0.05 0.06 0.07 0.08
0.9
1 / D
Figure 2 Plot of 1/D against logkobs showing the effect of
solvent polarity for the oxidation of aldehydes by TEABC.
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The oxidation of TMBA, BA and DMABA, in an atmosphere
of nitrogen, failed to induce the polymerization of acryloni-
trile. Furthermore, the addition of acrylonitrile had no effect
on the rate of oxidation (Table 1). Thus, a one – electron oxi-
dation giving rise to free radicals is unlikely.
3.4. Effect of added MnSO4 concentration
Addition of Mn(II), in the form of MnSO4 by varying in the
range from 0.001 to 0.005 M retards the rate of the oxidation
process indicating two electron oxidation (Table 2). This indi-
cates the involvement of Cr(IV) intermediate in the oxidation
of aldehydes by Cr(VI) reagent. Mn(II) ion reduces Cr(IV)
formed to Cr(III). In the absence of Mn(II) ion, formed
Cr(IV) reduces Cr(VI) to Cr(V) and the oxidation of aldehydes
byCr(V) is fast. This may be taken as evidence for the formation
ofCr(IV) species andhenceTEABCacts as a two-electron trans-
fer oxidant (Karunakaran and Suesh, 2004; Bhuvaneshwari and
Elango, 2006).
3.5. Effect of ionic strength
The effect of ionic strength was studied to observe the effect of
salt on the rate of oxidation in Debye–Huckel limit by varyingtion of aldehydes by TEABC at 303 K.
/D 104 k1 (s
1)
TMBA BA DMABA
.0261 9.15 15.72 36.45
.0293 9.87 16.89 39.45
.0331 10.80 18.54 42.90
.0377 12.42 21.30 49.62
.0433 13.68 23.34 54.62
.0504 16.50 28.20 65.52
.0595 19.71 33.90 78.66
.0718 26.22 44.88 104.21
3.0 mol dm3.
odynamics of oxidation of 3,4,5-trimethoxy benzaldehyde, benzaldehyde and
imethyl formamide and acetic acid mixture. Arabian Journal of Chemistry
Table 5 Second order rate constants and activation parameters and for the oxidation of aldehydes by TEABC.
% AcOH–DMF (v/v) 102 k2 (dm
3 mol1 s1) Ea DS
# DH# DG#
298 K 303 K 308 K 313 K (kJ mol1) (J mol1 K1) (kJ mol1) (kJ mol1) (at 303 K)
TMBA
0:100 2.15 3.05 4.27 6.11 53.78 107.04 ± 3.6 50.60 ± 1.2 83.03 ± 2.3
10:90 2.33 3.29 4.97 7.45 60.50 82.30 ± 3.9 57.82 ± 1.3 82.76 ± 2.5
20:80 2.40 3.60 5.11 7.63 59.16 85.75 ± 3.0 56.66 ± 1.0 82.64 ± 1.9
30:70 2.84 4.14 5.84 8.35 55.49 96.85 ± 2.1 52.96 ± 0.7 82.05 ± 1.3
40:60 2.99 4.56 6.84 10.19 63.38 70.24 ± 0.9 60.69 ± 0.3 81.97 ± 0.5
50:50 3.70 5.50 7.64 10.70 54.55 97.79 ± 3.3 52.07 ± 1.1 81.70 ± 2.0
60:40 4.24 6.57 9.96 14.77 64.52 63.16 ± 0.9 61.99 ± 0.3 81.13 ± 0.5
70:30 6.11 8.74 13.27 19.93 61.46 70.72 ± 4.2 58.89 ± 1.4 80.32 ± 2.6
BA
0:100 3.50 5.24 7.27 10.34 55.49 95.03 ± 3.0 53.03 ± 1.0 81.82 ± 1.9
10:90 3.97 5.63 8.60 13.10 62.03 72.29 ± 3.9 59.54 ± 1.3 81.44 ± 2.5
20:80 4.12 6.18 8.90 13.38 60.43 77.21 ± 3.3 57.82 ± 1.1 81.21 ± 2.0
30:70 4.86 7.10 10.67 16.03 61.81 71.32 ± 3.6 59.16 ± 1.2 80.77 ± 2.2
40:60 5.11 7.78 10.97 16.40 59.56 78.28 ± 3.0 57.05 ± 1.0 80.76 ± 1.9
50:50 6.35 9.40 13.72 20.04 59.35 77.52 ± 1.8 56.76 ± 0.6 80.24 ± 1.1
60:40 7.29 11.30 17.06 25.42 64.50 52.86 ± 2.7 63.75 ± 0.9 79.76 ± 1.7
70:30 10.46 14.96 21.07 29.95 54.24 90.15 ± 2.1 51.69 ± 0.7 79.41 ± 1.3
DMABA
0:100 8.04 12.15 18.04 27.15 62.72 63.93 ± 2.4 60.31 ± 0.8 79.68 ± 1.5
10:90 9.01 13.15 18.41 29.12 59.22 73.11 ± 3.3 57.24 ± 1.1 79.39 ± 2.0
20:80 9.63 14.30 21.30 31.54 61.27 66.99 ± 2.1 58.78 ± 0.7 79.08 ± 1.3
30:70 11.33 16.54 23.15 35.35 58.21 76.75 ± 4.8 55.52 ± 1.6 78.77 ± 3.0
40:60 12.48 18.20 27.30 40.87 61.46 64.69 ± 3.9 59.13 ± 1.3 78.73 ± 2.4
50:50 14.34 21.84 31.02 44.04 57.63 75.98 ± 3.6 55.13 ± 1.2 78.15 ± 2.2
60:40 18.34 26.22 39.35 58.15 59.93 66.60 ± 4.2 57.24 ± 1.4 77.42 ± 2.6
70:30 24.29 34.74 48.18 69.46 53.99 84.41 ± 3.3 51.31 ± 1.1 76.87 ± 2.0
102[Aldehyde] = 3.0 mol dm3; 103[TEABC] = 1.6 mol dm3; 10 [H+] = 3.0 mol dm3.
3,4,5-trimethoxy benzaldehyde, benzaldehyde and N,N-dimethylamino benzaldehyde oxidation 5concentration of NaClO4 from 0.001 to 0.01 M provided other
conditions being constant (Table 3). The rate of reaction
remains almost unchanged while increasing the NaClO4 con-
centration. It proves that interaction in rate determining step
is not of ion–ion type (Laidler, 2005).
3.6. Effect of solvent polarity on reaction rate
The oxidation of aldehydes have been studied in the binary
mixture of DMF–acetic acid mixture. For the oxidation of
TMBA, BA and DMABA the reaction rate increased remark-
ably with the increase in the proportion of acetic acid in the
solvent medium. These results are presented in Table 4.
The effect from solvent composition on the reaction rate
was studied by varying the concentration of acetic acid from
0% to 70%. The pseudo-ﬁrst-order rate constants were esti-
mated for the oxidation of TMBA, BA and DMABA with
TEABC. The reaction rate is increases markedly with the
increase in the proportion of acetic acid in the medium
(Table 4). When the acid content increases in the medium,
the acidity of the medium is increased whereas the dielectric
constant of the medium is decreased. These two effects cause
the rate of the oxidation to increase markedly. The enhance-
ment of the reaction rate with an increase in the amount of
acetic acid generally may be attributed to two factors, viz, (i)
the increase in acidity occurring at constant [H+], and (ii)
the decrease in the dielectric constant with an increase in the
acetic acid content.Please cite this article in press as: Asghar, B.H. et al., Studies on kinetics and therm
N,N-dimethylamino benzaldehyde by tetraethylammonium bromochromate in d
(2015), http://dx.doi.org/10.1016/j.arabjc.2014.10.047The plot of logk1 versus 1/D (dielectric constant) is linear
with positive slope suggesting the presence of either dipole–
dipole or ion–dipole type of interaction between the oxidant
and the substrate (Scatchard, 1939) (Fig. 2). Plot of logk1 ver-
sus (D  1)/(2D + 1) is a curvature indicating the absence of
dipole–dipole interaction in the rate determining step.
Positive slope of logk1 versus 1/D plot indicates that the reac-
tion involves a cation–dipole type of interaction in the rate
determining step.
Amis (1967) holds the view that in an ion–dipole reaction
involving a positive ionic reactant, the rate would decrease
with increasing dielectric constant of the medium and if the
reactant were to be a negatively charged ion, the rate would
increase with the increasing dielectric constant. In this case
there is a possibility of a positive ionic reactant, as the rate
increases with the decreasing dielectric constant of the medium
(Amis, 1967). Due to the polar nature of the solvent, transition
state is stabilized, i.e., the polar solvent molecules surround the
transition state and result in less disproportion.
3.7. Activation parameters
The kinetics of oxidation of TMBA, BA and DMABA were
studied at four different temperatures, viz., 298, 303, 308 and
313 K. The second order rate constants were calculated
(Table 5). The Arrhenius plot of logk2 versus 1/T is found to
be linear. The enthalpy of activation, entropy of activation
and free energy of activation were calculated from k2 at 298,odynamics of oxidation of 3,4,5-trimethoxy benzaldehyde, benzaldehyde and
imethyl formamide and acetic acid mixture. Arabian Journal of Chemistry
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Figure 3 Exner’s plot for the oxidation of aldehydes by TEABC
between 3 + logk2 (at 313 K) and 3 + logk2 (at 303 K).
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Figure 4 Exner’s plot for the oxidation of TMBA by TEABC
between 3 + logk2 (at 313 K) and 3 + logk2 (at 303 K) at various
percentage of DMF–acetic acid mixture.
6 B.H. Asghar et al.303, 308 and 313 K using the Eyring relationship by the
method of least square and presented in Table 5. The least
square method gives the values and standard errors of
enthalpy and entropy of activation respectively. Statistical
analysis of the Eyring equation clearly conﬁrms that the stan-
dard errors of DH# and DS# correlate (Lente et al., 2005). The
entropy of activation is negative for aldehydes.
3.8. Isokinetic relationship
The reaction is neither isoenthalpic nor isoentropic but com-
plies with the compensation law also known as the isokinetic
relationship.
DH# ¼ DH þ bDS# ð4Þ
The isokinetic temperature b is the temperature at which all
the compounds of the series react equally fast. Also, at the
isokinetic temperature, the variation of substituent has no
inﬂuence on the free energy of activation. Exner suggested a
method of testing the validity of isokinetic relationship
(Bhuvaseshwari and Elango, 2007). The isokinetic relationship
is tested by plotting the logarithms of rate constants at two dif-
ferent temperatures (T2 > T1) against each other according to
Eq. (5).
log k ðat T2Þ ¼ aþ b log k ðat T1Þ ð5Þ
The linear relationship in Exner plots (Exner, 1964; Exner
et al., 1973) at 3 + logk2 (303 K) and 3 + logk2 (313 K)
observed in the present study imply the validity of the isoki-
netic relationship. Isokinetic temperature obtained is 519 K
(Fig. 3). The linear isokinetic correlation implies that
TMBA, BA and DMABA are oxidized by the same mecha-
nism and the changes in the rate are governed by the changes
in both the enthalpy and entropy of activation (Lefﬂer and
Grunwald, 1963). The isokinetic relationship of TMBA in dif-
ferent percentage of DMF–acetic acid solvent mixture is
shown in Fig. 4. The existence of a linear relationship
(slope = 0.9306, r= 0.997, isokinetic temperature = 561 K)
between 3 + logk2 (303 K) and 3 + logk2 (313 K) indicates
that a common mechanism is operating in all studied solvent
mixture systems.Please cite this article in press as: Asghar, B.H. et al., Studies on kinetics and therm
N,N-dimethylamino benzaldehyde by tetraethylammonium bromochromate in d
(2015), http://dx.doi.org/10.1016/j.arabjc.2014.10.0473.9. Reason for high rate in the case of oxidation of N,
N-dimethylamino benzaldehyde
In the case of N,N-dimethylamino benzaldehyde, –N(CH3)2 being
a electron donating group, expectation of retardation effect on the
reaction rate is quite normal. But the observed reaction rate is
very high in the case of oxidation of N,N-dimethylamino ben-
zaldehyde. This observation can be best explained as follows: In
the strong acid medium the following protonation is possible.
C
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Here the N+H(CH3)2 group act as a very strong electron-
withdrawing group. Hence, it reacts at a very fast rate with the
oxidant. Another possible explanation is N,N-dimethylamino
benzaldehyde exhibiting the following resonance structures.
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The dipolar ion (b) can be stabilized in the acid medium as
follows as in (c).
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Scheme 1 Mechanism of oxidation of aldehydes by TEABC in the presence of p-TsOH.
3,4,5-trimethoxy benzaldehyde, benzaldehyde and N,N-dimethylamino benzaldehyde oxidation 7This type of unusual high rate for the oxidation of N,N-
dimethylamino benzaldehyde by benzyltrimethylammonium
chlorochromate (Raju et al., 2000) and also by 4-
(dimethylamino)pyridinium chlorochromate (Krishnasamy
et al., 2007) have already been noticed.3.10. Mechanism of oxidation
Under the experimental conditions employed in the present
study, the substrates namely 3,4,5-trimethoxy benzaldehyde
(TMBA), benzaldehyde (BA) and dimethylamino benzalde-
hyde (DMABA) are oxidized to the corresponding acids.
Based on the above kinetic observations, i.e., the ﬁrst order
dependence on [Aldehyde] and [TEABC], the following mech-
anism is proposed for the oxidation of aldehydes by TEABC
(Scheme 1). The reaction is catalyzed by hydrogen ions and
the hydrogen ion dependence has the following form kobs = -
a+ b [H+]. TEABC may become protonated in the presence
of acid. The protonated TEABC may function as an effectivePlease cite this article in press as: Asghar, B.H. et al., Studies on kinetics and therm
N,N-dimethylamino benzaldehyde by tetraethylammonium bromochromate in d
(2015), http://dx.doi.org/10.1016/j.arabjc.2014.10.047oxidant. Absence of any effect of added acrylonitrile on the
reaction discounts the possibility of a one-electron oxidation,
leading to the formation of free radicals. The observed solvent
effect supports a transition sate, which is more polar than the
reactant state. Therefore, a mechanism involving formation of
chromate ester with TEABC is suggested (Scheme 1).4. Conclusions
In this work we have studied the detailed kinetics of oxida-
tion of TMBA, BA and DMABA in DMF–acetic acid
medium by spectrophotometrically at 303 K using TEABC
as an oxidant. The results of solvent effects indicate that the
lowering of dielectric constant of reaction medium increases
the reaction rate signiﬁcantly. The reaction does not show
the polymerization, which indicates the absence of free radical
intermediate in the oxidation. The order of reactivity is
DMABA> BA> TMBA. In the case of oxidation of N,N-
dimethylamino benzaldehyde the N+H(CH3)2 group act as aodynamics of oxidation of 3,4,5-trimethoxy benzaldehyde, benzaldehyde and
imethyl formamide and acetic acid mixture. Arabian Journal of Chemistry
8 B.H. Asghar et al.very strong electron-withdrawing group. Hence, it reacts at a
very fast rate with the oxidant.
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